A simple theoretical criterion to predict stability of a stationary hydraulic jump in a rectangular channel is presented. It is shown that stability condition depends on the Froude number of the flow, as well as on the bottom slope and friction along the channel. In particular, it is found that in an upward sloping channel the jump may either be unstable ͑i.e., if the jump is slightly displaced from its equilibrium location, then it moves further away from it͒ or stable ͑i.e., it returns to its original location͒. This result improves previous theoretical findings reported in the literature.
This investigation originates from a recent work by Baines and Whitehead.
1 They studied the stability of a stationary hydraulic jump situated over a plane sloping topography in a rectangular channel of uniform width. Theoretical stability condition was inferred in terms of the speed adopted by the jump when its equilibrium state is weakly perturbed. On assuming inviscid flow conditions, Baines and Whitehead found that on upslope flow the jump is unstable, in the sense that if the jump is slightly displaced from its stationary point, it will move further away in the same direction. For downslope flow the converse applies, and the jump is stable. Therefore, in a channel with adverse slope a stationary jump can never be produced.
Indeed this is quite an interesting and somewhat unsuspected result, partly confirmed by experiments performed by Baines and Whitehead. However, in their experiments the ratio of bed slope to friction slope ͑i.e., energy dissipation per unit weight and unit length͒ was quite large, and one may ask whether friction is capable of stabilizing a hydraulic jump at sufficiently small adverse slope. The approach outlined by Baines and Whitehead to study stability condition cannot be fruitfully adopted in this case, as it leads to involved mathematics when friction is taken into account.
1 It is shown here that a slightly different approach to the problem allows for an easy derivation of stability condition.
We consider a one-dimensional free surface flow in a prismatic channel of non-negligible bed slope, with supercritical upstream flow and subcritical downstream flow. Hence, a hydraulic jump exists in the channel, either moving or stationary. The steady solution for a jump to be stationary can be as usual derived by applying the momentum equation to the block of fluid contained in the jump. With notation as adopted in Fig. 1 , and by using the concept of momentum function M ͑i.e., the sum of pressure force and momentum flux, per unit width and unit weight of fluid, at a given section of the flow 2 ͒ the momentum equation for a stationary jump reads
where M u and M d denote upstream and downstream values of M, respectively, and ⌬ accounts for both the weight of fluid contained in the jump, resolved down the slope, and the resistance of the channel bed between sections u and d. We next consider that the jump is displaced from its equilibrium position by a small distance ␦x in the downstream direction. The above quantities at the new location are denoted by primes and given by
The jump will move back to its original equilibrium position ͑i.e., the jump is stable, in agreement with the definition of jump stability given by Baines and Whitehead 1 ͒ if the net force acting on it is directed upstream ͑i.e., opposite to the direction of the displacement͒. Hence, stable conditions for the jump are recovered as far as
͑3͒
Neglecting higher order terms in Eq. ͑2͒ and utilizing Eq. ͑1͒ yield
This condition is also found when the jump is displaced by a small distance Ϫ␦x in the upstream direction. Therefore Eq. ͑4͒ expresses stability condition.
We now consider a wide rectangular channel and assume the angle of the channel bed to the horizontal to be positive for upward slope in the direction of flow ͑Fig. 1͒. The vertical distance from the bed to the free surface is denoted 
͑10͒
The estimation of ⌬ in Eqs. ͑1͒ and ͑4͒ presents quite a few difficulties. In fact, the volume of water between sections u and d can be poorly quantified because the length and the shape of the jump are not well defined, the specific weight of the fluid in this volume may change significantly owing to air entrainment, and bed shear stress between sections u and d cannot be accurately predicted. However, at moderate bed slope ⌬ poorly contributes to momentum balance. Hence, for the sake of simplicity, contribution of ⌬ is neglected in the following. It is worth pointing out that friction effects are taken into account through Eq. ͑8͒ anyway.
Substituting Eq. ͑10͒ in the constraint ͑4͒, and assuming a constant value for yield
Finally, from Eqs. ͑1͒, ͑5͒, and ͑7͒ one has
and Eq. ͑12͒ can be rearranged to read 2 tan
Equation ͑14͒ states that a stationary jump is stable on upward slope ͑i.e., Ͼ0͒ provided that the Chézy coefficient is small enough ͑Fig. 2͒. On the contrary, for inviscid flow /s and F u ranged between 2 and 6. In these conditions, Eq. ͑14͒ states that the jump is stable when the angle does not exceed 0.4°-0.8°. These angles are however much smaller than those adopted by Baines and Whitehead in their experiments ͑ϭ5°-8°͒.
In order to validate stability criterion expressed by Eq. ͑14͒, experimental work designed for this purpose has to be done. We have recently performed only some preliminary experiments, which proved that a stable stationary jump can be produced on upslope flow. Experimental conditions were such that Ϸ65 m 1/2 /s, F u ϭ3.2-5.4, and tan ϭ0.006 -0.008 ͑i.e., 2 tan /gϭ2.58-3.45), pertaining to the stability region as predicted by Eq. ͑14͒.
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